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Video-assisted pulmonary metastectomy is
equivalent to thoracotomy regarding
resection status and survival
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Abstract

Background: Surgical resection of pulmonary metastases leads to prolonged survival if strictly indicated. Usually,
thoracotomy with manual palpation of the entire lung with lymph node dissection or sampling is performed. The
aim of this study was to evaluate the role of video-assisted thoracoscopic surgery (VATS) in pulmonary
metastectomy with curative intent.

Methods: In this study, all patients with suspected pulmonary metastasis (n = 483) who visited the Center for
Thoracic Surgery in Regensburg, between January 2009 and December 2017 were analysed retrospectively.

Results: A total of 251 patients underwent metastectomy with curative intent. VATS was performed in 63 (25.1%)
patients, 54 (85.7%) of whom had a solitary metastasis. Wedge resection was the most performed procedure in
patients treated with VATS (82.5%, n = 52) and thoracotomy (72.3%, n = 136). Postoperative revisions were necessary
in nine patients (4.8%), and one patient died of pulmonary embolism after thoracotomy (0.5%). Patients were
discharged significantly faster after VATS than after thoracotomy (p < 0.001). Complete (R0) resection was achieved
in 89% of patients. The median recurrence-free survival was 11 months (95% confidence interval 7.9–14.1). During
follow-up, eight (12.7%) patients in the VATS group and 42 (22.3%) patients in the thoracotomy group experienced
recurrence (p = 0.98). The median overall survival was 61 months (95% confidence interval 46.1–75.9), and there was
no significant difference with regard to the surgical method used (p = 0.34).

Conclusions: VATS metastasectomy can be considered in patients with a solitary lung metastasis. An open surgical
approach with palpation of the lung showed no advantage in terms of surgical outcome or survival.
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Background
Pulmonary metastases often represent a manifestation of
an advanced systemic disease. In addition to the induc-
tion of chemotherapy, surgical metastasectomy can also
be a therapeutic option. In most cases, it is unlikely that
metastectomy as a local measure will eradicate the

cancer, and the lack of prospective studies has led to
criticism of the procedure [1, 2]. However, resection of
pulmonary metastases can be attempted in selected pa-
tients within a curative treatment concept [3]. In 1965,
Thomford postulated principles for indications for pul-
monary metastectomy that are essentially still valid
today: technical resectability, a tolerable general and
functional condition, a controlled primary tumour and
the absence of extrathoracic lesions are preconditions to
perform potentially curative resection [4].
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To date, no prospective studies exist. The first pro-
spective randomized trial on the impact of pulmonary
metastectomy for colorectal cancer, the PulMiCC trial
(Pulmonary Metastectomy versus Continued Active
Monitoring in Colorectal Cancer), was stopped last year
due to faltering recruitment [5]. However, good retro-
spective survival data have been reported after metaste-
ctomy for several tumour entities. For example, 5-year
survival rates of 39–68% have been reported for colorec-
tal cancer patients and 36–47% for renal cell carcinoma
patients [6–10].
The completeness of resection has been identified as

the most important factor concerning long-term sur-
vival, regardless of the primary tumour [11–13]. While
at present, video-assisted thoracoscopic surgery (VATS)
has replaced open thoracotomy in many indications,
curative metastectomy is still commonly performed via
an open procedure. In contrast to VATS, thoracotomy
offers the advantage that the entire lung can be manually
palpated intraoperatively, providing additional diagnostic
opportunity with regard to possible occult metastases.
Intraoperative palpation revealed malignant pulmonary
nodules in 20% of patients whose nodules were not de-
tected by preoperative computed tomography (CT) in a
prospective randomized study in 2011 [14]. Ludwig et al.
demonstrated that 6.9% of patients with a preoperative
solitary metastasis had additional histologically con-
firmed metastases after thoracotomy and manual palpa-
tion. In patients with multiple preoperative metastases,
the proportion was approximately one-quarter (27.4%)
[15]. For this reason, thoracoscopic procedures are cur-
rently recommended only for diagnostic and palliative
metastectomy [16].
Whether an additional manual examination justifies

the considerably greater trauma caused by thoracotomy
remains unclear, especially considering the increasing
resolution of imaging and thus the better detection of
small pulmonary nodules [17]. Therefore, the objective
of this study was to evaluate the role of VATS in pul-
monary metastectomy with curative intent.

Methods
Study population
In this study, all patients with suspected pulmonary me-
tastases (n = 483) at the University Medical Center Re-
gensburg and the Hospital Barmherzige Brüder
Regensburg between January 2009 and December 2017
were analysed retrospectively. Before data collection,
consent was obtained from the Ethics Committee of the
University of Regensburg. Patients who received pallia-
tive, diagnostic or no resection were excluded from the
study (n = 232) (Fig. 1).
In patients who were to undergo metastectomy with

curative intent, either VATS or thoracotomy was

performed. The surgical reports were analysed according
to the resection procedure applied. The pathology re-
ports were examined for histology of the tumour, the re-
section status (R0, R1, R2, and RX) and, in the case of
VATS, the distance between the staple line and the
tumour.
In January 2019, a follow-up examination was carried

out at the regional Tumor Center, University Institute of
Quality Assurance and Health Services Research, Re-
gensburg. The resulting data were used to assess overall
survival (OS), recurrence-free survival (RFS) and neces-
sary re-operations due to pulmonary recurrence.

Surgical approach
Patients in the thoracotomy group received standard an-
terolateral thoracotomy, usually in the 5th intercostal
space. After insertion of a spreader and palpation of the
nodule, a lung-sparing wedge or anatomical resection
was performed. Lobectomy was necessary in patients
with an unfavourable central location of the nodule after
considering respiratory function. After resection, the en-
tire remaining lung was palpated manually for coexist-
ent, occult pulmonary nodules. Subsequently, systematic
lymph node dissection or lymph node sampling was per-
formed. In the case of suspected lymph node metastases
(cN1/2), lymph node dissection was performed (the node
level conformed to the primary lung cancer).
Access for VATS metastectomy was usually achieved

via 2–3 ports. Depending on the location of the focus,
wedge or anatomical resection was performed. System-
atic manual palpation of the entire lung was not feasible
in these cases.

Study endpoints
The primary endpoints of this study were the rate of
postoperative complications and in-hospital mortality.
Secondary endpoints included the postoperative resec-
tion status, postoperative lymph node status and RFS as
well as OS. Furthermore, we analysed the rate of re-
operations due to pulmonary recurrence.

Statistical analysis
The data were first collected in tabular form using Excel,
version 15.0 (Microsoft Corporation, Redmond, WA,
USA). For pseudoanonymization purposes, each patient
was assigned a number. The statistical analysis was per-
formed using IBM SPSS Statistics, version 24 (IBM Cor-
poration, Armonk, NY, USA). Demographic data are
summarized as numbers and percentages. The chi-
squared test was used to analyse categorical variables be-
tween groups. If the minimum expected cell size as-
sumption for application of the chi-squared test did not
hold, Fisher’s exact test was used. The Kaplan–Meier
method and the log-rank test were used for the survival

Markowiak et al. Journal of Cardiothoracic Surgery           (2021) 16:84 Page 2 of 8



analysis. A multivariate Cox regression model was gen-
erated to identify independent risk factors for mortality.
A p-value < 0.05 was considered statistically significant.

Results
Patient characteristics
Between January 2009 and December 2017, 251 patients
underwent pulmonary metastectomy with curative intent
in the Center for Thoracic Surgery in Regensburg. A
total of 232 patients were excluded from the study be-
cause surgery was not performed within the mentioned
period, they received diagnostic/palliative metastectomy
or histology did not confirm the suspected metastasis
(Fig. 1).
The mean patient age was 61.5 ± 12.3 years, and most

patients were male (n = 166; 66.1%). In 25.1% (n = 63) of
patients, metastectomy was performed via VATS, while
in 74.9% (n = 188) of patients, metastectomy was per-
formed via thoracotomy. In both the VATS and thora-
cotomy groups, metastases were mostly solitary (85.7

and 55.3%). Colorectal cancer (rectal 21.1%, colon
16.7%) represented the majority of the primary tumour
entity. At 12.4%, metastases of malignant melanoma
were also frequent (Fig. 2). The primary tumour and me-
tastases were diagnosed separately (metachronic) in
more than 90% of cases, and in these patients, the
disease-free interval was between 47 and 57months.
This interval was significantly longer in the VATS group
(p = 0.022). Approximately two-thirds of the patients had
pulmonary metastases only (Table 1).

Operative data
In both groups, wedge resection was the most often per-
formed procedure, followed by lobectomy (Fig. 1). Only
patients who underwent thoracotomy via combinations
of different types of resection were analysed. Application
of the different types of resection showed no difference
in either group (VATS vs. thoracotomy; p = 0.1).
In 89% (n = 223) of the patients, complete (R0) resec-

tion was obtained (VATS 90.5%, thoracotomy 88.3%).

Fig. 1 Flow-chart of the study population
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Resection was classified as R1 in 14 (5.6%) patients. Only
in one patient in the thoracotomy group was macro-
scopic removal of the metastasis not feasible. Again,
there was no significant difference in either group (p =
0.69). The average distance between the staple line and
the tumour was 8.5 ± 9.1 mm (n = 57) in patients who
underwent VATS after R0 resection.
Systematic lymph node dissection was performed sig-

nificantly more often in the thoracotomy group than in
the VATS group (p < 0.001). In some cases, only lymph
node sampling was performed (VATS 15.9% vs. thora-
cotomy 9%; p = 0.13). According to pathological reports,
stage pN0 represented most cases after VATS and after
thoracotomy. All patients who did not undergo lymph
node resection for histological confirmation were pre-
operatively in clinical stage N0 (cN0). The rate of pa-
tients with a lymph node status of cN0 was higher in the
VATS group. Overall, there was a significant difference
with regard to the histological lymph node status in both
groups (p < 0.001).

Postoperative outcome
The mean hospital stay was 6.7 ± 2.5 days after VATS and
10.1 ± 4.9 days after thoracotomy (p < 0.001). Postopera-
tive revisions were necessary in only nine patients (4.8%)
in the thoracotomy group. However, this number was still
not sufficient to reach statistical significance (p = 0.08).
Reasons for surgical revision were wound healing disor-
ders (n = 3), chylothorax (n = 2), haemothorax (n = 1),
prolonged parenchymal fistula (n = 1), anastomosis insuffi-
ciency (n = 1) and necrosis of pulmonary tissue (n = 1).

One patient died of pulmonary embolism after thoracot-
omy (0.5%). This patient was the only reported death
within the hospital stay after surgery in both groups,
resulting in an in-hospital mortality rate of 0.4% (n = 1).
During follow-up, eight (12.7%) patients from the

VATS group and 41 (21.8%) patients from the thoracot-
omy group experienced recurrence of pulmonary metas-
tasis. Of these, two who underwent VATS (25%) and 12
who underwent thoracotomy (29.3%) underwent reoper-
ation due to recurrent pulmonary metastases.

Survival
Kaplan-Meier OS and RFS curves are shown in Fig. 3.
Considering all patients, a median OS of 61 months
(95% confidence interval 46.1–75.9) was observed. After
VATS and thoracotomy, 5-year survival rates of 43.1
and 51.9% were obtained. There was no significant dif-
ference in survival regarding the surgical procedure
(VATS: 58 months [95% confidence interval 3.1–112.9]
vs. thoracotomy 70months [95% confidence interval
50.4–89.6]; p = 0.34). The median overall RFS was 44
months (95% confidence interval 26.8–53.2). Patients
who underwent VATS experienced a slightly shorter
RFS (30 months) (95% confidence interval 6.1–53.6) than
patients who underwent thoracotomy (40 months) (95%
confidence interval 26.4–53.6). Additionally, in terms of
RFS, there was no significant difference in the log-rank
test (p = 0.98). To identify the prognostic impact, a
multivariate Cox proportional hazards model was gener-
ated. Included variables were sex (p = 0.74), age (p =
0.07), procedure performed [VATS, thoracotomy] (p =

Fig. 2 Primary tumor entities
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0.94), tumour location [central, peripheral, intermediate]
(p = 0.68), resection status [R0, R1, and R2] (p = 0.35),
occurrence of metastasis [synchronous, metachronous]
(p = 0.16), lymph node status [cN0, pN0, pN1, pN2, and
pN3] (p = 0.03) and systematic lymph node dissection
performed [yes, no] (p = 0.15).
When patients with solitary metastasis only were con-

sidered, the median RFS after VATS and after thoracot-
omy was equivalent (VATS: 55 months [95% confidence
interval 20.1–89.9] vs. thoracotomy: 37 months [95%
confidence interval 28.4–45.6], p = 0.73). There were also
no significant differences with regard to OS in these pa-
tients (VATS: 58 months [95% confidence interval 2.8–
113.2] vs. thoracotomy: 59 months [95% confidence
interval 32.4–85.6], p = 0.53) (Fig. 4).

Discussion
Pulmonary metastectomy is the second most frequently
performed procedure in thoracic surgery, and with 15–

50% of the workload of thoracic surgeons, it represents a
major part of their profession [18]. While minimally in-
vasive techniques have been established for many indica-
tions of thoracic surgery, thoracotomy is still preferred
for metastatic surgery with curative intent. Its advantage
is the opportunity to palpate the lung intraoperatively
[19]. However, the role of VATS and its influence on re-
section and long-term results remain unclear in times of
constantly improving preoperative diagnostics [14, 16].
In this retrospective study, 251 patients who underwent
curative metastectomy via VATS or thoracotomy were
analysed to evaluate postoperative outcomes, including
complications, mortality, resection status and survival.
The most frequent indication for pulmonary metaste-

ctomy in the literature is metastases of colorectal carcin-
omas [18]. This was also observed in our study, in which
this tumour entity accounted for 37.8% of all patients.
The majority of patients had a solitary metastasis, espe-
cially those who were treated with VATS. This

Table 1 Patient characteristics, intra- and postoperative outcome

VATS (n = 63;
25.1%)

Thoracotomy (n =
188; 74.9%)

P-
value

Age (mean ± SD) [years] 64.9 ± 11.9 60.4 ± 12.2 0.93

Male gender; n (%) 42 (66.7%) 124 (66%) 0.92

Metastasis

- Solitary; n (%) 54 (85.7) 104 (55.3) <
0.001*

- Multiple; n (%) 9 (14.3) 84 (44.7)

- Synchronous; n (%) 6 (9.5) 15 (8) 0.70

- Metachronous; n (%) 57 (90.5) 173 (92)

- No extrapulmonary metastases; n (%) 41 (65.1) 130 (69.1) 0.08

- Treated extrapulmonary metastases; n (%) 19 (30.2) 57 (30.3)

- Extrapulmonary metastases without treatment; n (%) 2 (3.2) 0 (0)

- Extrapulmonary metastases, unknown treatment; n (%) 1 (1.6) 1 (0.5)

Mean disease-free interval between primary tumor and pulmonary metastasis (metachronic me-
tastases only) (mean ± SD) [month]

57.3 ± 72.2 47 ± 54.0 0.022*

Systematic lymph node dissection; n (%) 28 (44.4) 160 (85.1) <
0.001*

Lymph node sampling; n (%) 10 (15.9) 17 (9) 0.13

Lymph node status

- pN0; n (%) 37 (58.7) 148 (78.7) <
0.001*

- pN1; n (%) 0 (0) 5 (2.7)

- pN2; n (%) 1 (1.6) 23 (12.2)

- pN3; n (%) 0 (0) 1 (0.5)

- cN0; n (%) 25 (39.7) 11 (5.9)

Postoperative stay (mean ± SD) [days] 6.7 ± 2.5 10.1 ± 4.9 <
0.001*

Required surgical revision; n (%) 0 (0) 9 (4.8) 0.08

In-hospital mortality; n (%) 0 (0) 1 (0.5) 0.56

SD Standard definition, VATS Video-assisted thoracoscopic surgery
*significance p < 0.05
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difference was statistically significant (p < 0.001) and was
certainly often a factor in the decision making of which
procedure to perform. Both patients who underwent
VATS and those who underwent thoracotomy mainly
had metastases that were detected on average 47 to 57
months after successful therapy of the primary tumour
(metachronous disease). Since this interval is a good in-
dicator that can be used to describe the dynamics of the
disease, the patients in both groups seemed to experi-
ence rather moderate progression, with an average
disease-free interval of more than 4 years [20]. In con-
trast, synchronous metastasis is associated with a rather
poor prognosis. In the case of a short disease-free inter-
val or synchronous metastasis, primary chemotherapy
should be recommended, and the proportion of such pa-
tients was therefore small in this study [21].
Complete resection is the most important factor re-

garding postoperative outcomes of metastatic surgery
[11–13]. In this study, there was no detectable difference
in the resection status of the pathological reports in ei-
ther group. In patients who underwent VATS as well as
in those who underwent thoracotomy, the majority of

metastases were resected via R0 resection (VATS 90.5%,
thoracotomy 88.3%). In the VATS group, the average
distance between the staple line and the tumour after R0
resection was sufficient, at 8.5 mm (n = 57). For the
remaining R1 tumours, it must be acknowledged that
there was a small, additional safety margin between the
staple line and surgical margin. In addition to the high
rate of complete R0 resection, the fact that none of the
patients had a postoperative R2 situation after VATS
shows that minimally invasive procedures are safe and
feasible when carefully selected preoperatively.
The therapeutic benefit of additional lymph node dis-

section in thoracic metastases remains the subject of in-
tense discussion. The involvement of mediastinal lymph
nodes or an unclear nodal status is associated with sig-
nificantly decreased survival [22]. Systematic lymph node
dissection can therefore provide important information
to refine the estimation of the prognosis by determining
nodular dissemination and complete staging [22–24]. In
a survey among members of the European Society of
Thoracic Surgeons (ESTS), most surgeons reported per-
forming mediastinal lymph node sampling for an

Fig. 4 Recurrence-free survival (RFS) and overall Survival (OS) in patients with solitary metastasis

Fig. 3 Recurrence-free survival (RFS) and overall Survival (OS) of all patients
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indication for possible adjuvant treatment. Approxi-
mately one-third reported neither sampling nor system-
atic dissection [8, 25]. Systematic lymph node dissection
was performed significantly more often in patients who
underwent thoracotomy in our study (p < 0.001). This
may be because patients with multiple metastases or sus-
picious lymph nodes on imaging were preferably treated
with an open procedure. In contrast, the rate of patients
with a lymph node status of cN0 was higher in the
VATS group, which certainly contributed to the decision
to perform VATS.
As expected, the average postoperative stay after VATS

was significantly shorter than that after thoracotomy. The
reduced trauma and less pain caused by VATS have been
demonstrated in other studies to result in faster postoper-
ative recovery and shorter discharge times [26, 27].
Extrapulmonary metastases were detected in 80 pa-

tients (31.9%). The rate of extrapulmonary metastases as
a sign of advanced disease was balanced in both groups,
so no bias in further analyses must be assumed (VATS
34.9% vs. thoracotomy 30.1%). In the analyses of OS and
RFS, no significant differences regarding the surgical ap-
proach was found. This may indicate that the impact of
the procedure used on survival is small and that the
greater trauma of thoracotomy should be considered
carefully. Very few retrospective studies are available on
this issue, and most focus on metastases of colorectal
carcinomas [28]. The majority of them also suggest that
VATS provides equivalent survival while having several
known advantages over open procedures [17, 29, 30].
Nevertheless, many clinicians still choose thoracotomy
or mini-thoracotomy for metastectomy. Further pro-
spective work is required to confirm the non-inferiority
of VATS in curative metastectomy concerning OS and
RFS assuming that a particular preoperative evaluation
(lymph node status, solitary metastasis) was carried out.

Conclusions
VATS metastectomy should be considered, especially in
patients with a solitary metastasis. In our study, histolog-
ically complete (R0) resection was achieved in 90.5% of
the patients who underwent VATS and was thus com-
parable to the resection status after thoracotomy. VATS
metastectomy was also shown to be equivalent to thora-
cotomy with regard to lymph node status. In addition,
recurrence-free survival and overall survival were com-
parable to conventional, open resection of metastases.
Therefore, an open surgical approach with palpation of
the lung showed no advantage in terms of surgical out-
come or survival.

Limitations
First, the retrospective nature of this study must be
mentioned. Since the observation period was long, there

was certain evolution of the surgical approach. Thus, the
rate of thoracotomies performed in this study was rela-
tively high. Concerning the sample size of the two
groups, the VATS group was smaller, resulting in a bias
towards the VATS group. Certainly, the choice between
VATS or thoracotomy was influenced by the number of
preoperative metastases as well as the preoperative
lymph node status.

Abbreviations
CT: Computed tomography; OS: Overall survival; RFS: Recurrence-free survival;
VATS: Video-assisted thoracoscopic surgery

Acknowledgements
Not applicable.

Authors’ contributions
Till Markowiak: Data curation, Formal Analysis, Investigation, Methodology,
Visualization, Writing – original draft. Beshir Dakkak: Data curation, Formal
Analysis, Investigation, Writing – review & editing. Elena Loch: Investigation,
Writing – review & editing. Christian Großer: Resources, Writing – review &
editing. Monika Klinkhammer-Schalke: Resources, Writing – review & editing.
Hans-Stefan Hofmann: Resources, Supervision, Writing – review & editing. Mi-
chael Ried: Conceptualization, Investigation, Methodology, Resources, Super-
vision, Writing – original draft. The author(s) read and approved the final
manuscript.

Funding
No funding to declare. Open Access funding enabled and organized by
Projekt DEAL.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Before data collection, consent from the Ethics Committee of the University
of Regensburg was obtained (19.09.2018; 18-1125-104). Informed patient
consent was waived because of the retrospective study design.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Thoracic Surgery, University Medical Center Regensburg,
Franz-Josef-Strauß-Allee 11, 93053 Regensburg, Germany. 2Department of
Thoracic Surgery, Hospital Barmherzige Brüder Regensburg, Regensburg,
Germany. 3Tumor Center, University Institute of Quality Assurance and Health
Services Research, Regensburg, Germany.

Received: 18 July 2020 Accepted: 5 April 2021

References
1. Treasure T, Utley M, Hunt I. When professional opinion is not enough. BMJ.

2007;334(7598):831–2. https://doi.org/10.1136/bmj.39161.403218.AD.
2. Cho JH, Kim S, Namgung M, Choi YS, Kim HK, Zo JI, et al. The prognostic

importance of the number of metastases in pulmonary metastasectomy of
colorectal cancer. World J Surg Oncol. 2015;13(1):222. https://doi.org/10.11
86/s12957-015-0621-7.

3. Petrella F, Diotti C, Rimessi A, Spaggiari L. Pulmonary metastasectomy: an
overview. J Thorac Dis. 2017;9(Suppl 12):S1291–S8. https://doi.org/10.21037/
jtd.2017.03.175.

Markowiak et al. Journal of Cardiothoracic Surgery           (2021) 16:84 Page 7 of 8

https://doi.org/10.1136/bmj.39161.403218.AD
https://doi.org/10.1186/s12957-015-0621-7
https://doi.org/10.1186/s12957-015-0621-7
https://doi.org/10.21037/jtd.2017.03.175
https://doi.org/10.21037/jtd.2017.03.175


4. Thomford NR, Woolner LB, Clagett OT. The surgical treatment of metastatic
tumors in the lungs. J Thorac Cardiovasc Surg. 1965;49(3):357–63. https://
doi.org/10.1016/S0022-5223(19)33271-4.

5. Treasure T, Farewell V, Macbeth F, Monson K, Williams NR, Brew-Graves C,
et al. Pulmonary metastasectomy versus continued active monitoring in
colorectal cancer (PulMiCC): a multicentre randomised clinical trial. Trials.
2019;20(1):718. https://doi.org/10.1186/s13063-019-3837-y.

6. Pfannschmidt J, Egerer G, Bischof M, Thomas M, Dienemann H. Surgical
intervention for pulmonary metastases. Dtsch Arztebl Int. 2012;109(40):645–
51. https://doi.org/10.3238/arztebl.2012.0645.

7. Watanabe K, Nagai K, Kobayashi A, Sugito M, Saito N. Factors influencing
survival after complete resection of pulmonary metastases from colorectal
cancer. Br J Surg. 2009;96(9):1058–65. https://doi.org/10.1002/bjs.6682.

8. Welter S, Jacobs J, Krbek T, Poettgen C, Stamatis G. Prognostic impact of
lymph node involvement in pulmonary metastases from colorectal cancer.
Eur J Cardiothorac Surg. 2007;31(2):167–72. https://doi.org/10.1016/j.ejcts.2
006.11.004.

9. Meimarakis G, Angele M, Staehler M, Clevert DA, Crispin A, Ruttinger D,
et al. Evaluation of a new prognostic score (Munich score) to predict
long-term survival after resection of pulmonary renal cell carcinoma
metastases. Am J Surg. 2011;202(2):158–67. https://doi.org/10.1016/j.a
mjsurg.2010.06.029.

10. Kawashima A, Nakayama M, Oka D, Sato M, Hatano K, Mukai M, et al.
Pulmonary metastasectomy in patients with renal cell carcinoma: a single-
institution experience. Int J Clin Oncol. 2011;16(6):660–5. https://doi.org/10.1
007/s10147-011-0244-0.

11. Riquet M, Foucault C, Cazes A, Mitry E, Dujon A, Le Pimpec Barthes F,
et al. Pulmonary resection for metastases of colorectal adenocarcinoma.
Ann Thorac Surg. 2010;89(2):375–80. https://doi.org/10.1016/j.athoracsur.2
009.10.005.

12. Kanzaki R, Higashiyama M, Fujiwara A, Tokunaga T, Maeda J, Okami J, et al.
Long-term results of surgical resection for pulmonary metastasis from renal
cell carcinoma: a 25-year single-institution experience. Eur J Cardiothorac
Surg. 2011;39(2):167–72. https://doi.org/10.1016/j.ejcts.2010.05.021.

13. Winter H, Meimarakis G, Hoffmann G, Hummel M, Ruttinger D, Zilbauer A,
et al. Does surgical resection of pulmonary metastases of head and neck
cancer improve survival? Ann Surg Oncol. 2008;15(10):2915–26. https://doi.
org/10.1245/s10434-008-0001-4.

14. Cerfolio RJ, Bryant AS, McCarty TP, Minnich DJ. A prospective study to
determine the incidence of non-imaged malignant pulmonary nodules in
patients who undergo metastasectomy by thoracotomy with lung
palpation. Ann Thorac Surg. 2011;91(6):1696–700; discussion 700-1. https://
doi.org/10.1016/j.athoracsur.2011.02.075.

15. Ludwig C, Cerinza J, Passlick B, Stoelben E. Comparison of the number of
pre-, intra- and postoperative lung metastases. Eur J Cardiothorac Surg.
2008;33(3):470–2. https://doi.org/10.1016/j.ejcts.2007.10.028.

16. Molnar TF, Gebitekin C, Turna A. What are the considerations in the surgical
approach in pulmonary metastasectomy? J Thorac Oncol. 2010;5(6 Suppl 2):
S140–4. https://doi.org/10.1097/JTO.0b013e3181dcf62c.

17. Nakas A, Klimatsidas MN, Entwisle J, Martin-Ucar AE, Waller DA. Video-
assisted versus open pulmonary metastasectomy: the surgeon’s finger or
the radiologist’s eye? Eur J Cardiothorac Surg. 2009;36(3):469–74. https://doi.
org/10.1016/j.ejcts.2009.03.050.

18. Treasure T, Milosevic M, Fiorentino F, Macbeth F. Pulmonary
metastasectomy: what is the practice and where is the evidence for
effectiveness? Thorax. 2014;69(10):946–9. https://doi.org/10.1136/thoraxjnl-2
013-204528.

19. Eckardt J, Licht PB. Thoracoscopic versus open pulmonary metastasectomy:
a prospective, sequentially controlled study. Chest. 2012;142(6):1598–602.
https://doi.org/10.1378/chest.12-0249.

20. de Gramont A, Hubbard J, Shi Q, O'Connell MJ, Buyse M, Benedetti J, et al.
Association between disease-free survival and overall survival when survival
is prolonged after recurrence in patients receiving cytotoxic adjuvant
therapy for colon cancer: simulations based on the 20,800 patient ACCENT
data set. J Clin Oncol. 2010;28(3):460–5. https://doi.org/10.1200/JCO.2
009.23.1407.

21. Van Loon K, Venook AP. Curable patient with metastatic colorectal cancer:
balancing effective therapies and toxicities. J Clin Oncol. 2014;32(10):991–6.
https://doi.org/10.1200/JCO.2013.53.5195.

22. Pfannschmidt J, Klode J, Muley T, Dienemann H, Hoffmann H. Nodal
involvement at the time of pulmonary metastasectomy: experiences in 245

patients. Ann Thorac Surg. 2006;81(2):448–54. https://doi.org/10.1016/j.a
thoracsur.2005.08.049.

23. Call S, Rami-Porta R, Embun R, Casas L, Rivas JJ, Molins L, et al. Impact of
inappropriate lymphadenectomy on lung metastasectomy for patients with
metastatic colorectal cancer. Surg Today. 2016;46(4):471–8. https://doi.org/1
0.1007/s00595-015-1214-3.

24. Hamaji M, Cassivi SD, Shen KR, Allen MS, Nichols FC, Deschamps C, et al. Is
lymph node dissection required in pulmonary metastasectomy for
colorectal adenocarcinoma? Ann Thorac Surg. 2012;94(6):1796–800. https://
doi.org/10.1016/j.athoracsur.2012.04.049.

25. Internullo E, Cassivi SD, Van Raemdonck D, Friedel G, Treasure T, Group
EPMW. Pulmonary metastasectomy: a survey of current practice amongst
members of the European Society of Thoracic Surgeons. J Thorac Oncol.
2008;3(11):1257–66. https://doi.org/10.1097/JTO.0b013e31818bd9da.

26. Pages PB, Delpy JP, Orsini B, Gossot D, Baste JM, Thomas P, et al. Propensity
score analysis comparing videothoracoscopic lobectomy with thoracotomy:
a French nationwide study. Ann Thorac Surg. 2016;101(4):1370–8. https://
doi.org/10.1016/j.athoracsur.2015.10.105.

27. Leshnower BG, Miller DL, Fernandez FG, Pickens A, Force SD. Video-assisted
thoracoscopic surgery segmentectomy: a safe and effective procedure. Ann
Thorac Surg. 2010;89(5):1571–6. https://doi.org/10.1016/j.athoracsur.2010.01.061.

28. Meng D, Fu L, Wang L, Dai Y, Lv W, Zhang J, et al. Video-assisted thoracoscopic
surgery versus open thoracotomy in pulmonary metastasectomy: a meta-
analysis of observational studies. Interact Cardiovasc Thorac Surg. 2016;22(2):
200–6. https://doi.org/10.1093/icvts/ivv309.

29. Chao YK, Chang HC, Wu YC, Liu YH, Hsieh MJ, Chiang JM, et al.
Management of lung metastases from colorectal cancer: video-assisted
thoracoscopic surgery versus thoracotomy--a case-matched study. Thorac
Cardiovasc Surg. 2012;60(6):398–404. https://doi.org/10.1055/s-0031-12
95574.

30. Carballo M, Maish MS, Jaroszewski DE, Yetasook A, Bauer K, Cameron RB,
et al. Video-assisted thoracic surgery (VATS) for resection of metastatic
adenocarcinoma as an acceptable alternative. Surg Endosc. 2009;23(9):1947–
54. https://doi.org/10.1007/s00464-008-0243-z.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Markowiak et al. Journal of Cardiothoracic Surgery           (2021) 16:84 Page 8 of 8

https://doi.org/10.1016/S0022-5223(19)33271-4
https://doi.org/10.1016/S0022-5223(19)33271-4
https://doi.org/10.1186/s13063-019-3837-y
https://doi.org/10.3238/arztebl.2012.0645
https://doi.org/10.1002/bjs.6682
https://doi.org/10.1016/j.ejcts.2006.11.004
https://doi.org/10.1016/j.ejcts.2006.11.004
https://doi.org/10.1016/j.amjsurg.2010.06.029
https://doi.org/10.1016/j.amjsurg.2010.06.029
https://doi.org/10.1007/s10147-011-0244-0
https://doi.org/10.1007/s10147-011-0244-0
https://doi.org/10.1016/j.athoracsur.2009.10.005
https://doi.org/10.1016/j.athoracsur.2009.10.005
https://doi.org/10.1016/j.ejcts.2010.05.021
https://doi.org/10.1245/s10434-008-0001-4
https://doi.org/10.1245/s10434-008-0001-4
https://doi.org/10.1016/j.athoracsur.2011.02.075
https://doi.org/10.1016/j.athoracsur.2011.02.075
https://doi.org/10.1016/j.ejcts.2007.10.028
https://doi.org/10.1097/JTO.0b013e3181dcf62c
https://doi.org/10.1016/j.ejcts.2009.03.050
https://doi.org/10.1016/j.ejcts.2009.03.050
https://doi.org/10.1136/thoraxjnl-2013-204528
https://doi.org/10.1136/thoraxjnl-2013-204528
https://doi.org/10.1378/chest.12-0249
https://doi.org/10.1200/JCO.2009.23.1407
https://doi.org/10.1200/JCO.2009.23.1407
https://doi.org/10.1200/JCO.2013.53.5195
https://doi.org/10.1016/j.athoracsur.2005.08.049
https://doi.org/10.1016/j.athoracsur.2005.08.049
https://doi.org/10.1007/s00595-015-1214-3
https://doi.org/10.1007/s00595-015-1214-3
https://doi.org/10.1016/j.athoracsur.2012.04.049
https://doi.org/10.1016/j.athoracsur.2012.04.049
https://doi.org/10.1097/JTO.0b013e31818bd9da
https://doi.org/10.1016/j.athoracsur.2015.10.105
https://doi.org/10.1016/j.athoracsur.2015.10.105
https://doi.org/10.1016/j.athoracsur.2010.01.061
https://doi.org/10.1093/icvts/ivv309
https://doi.org/10.1055/s-0031-1295574
https://doi.org/10.1055/s-0031-1295574
https://doi.org/10.1007/s00464-008-0243-z

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Surgical approach
	Study endpoints
	Statistical analysis

	Results
	Patient characteristics
	Operative data
	Postoperative outcome
	Survival

	Discussion
	Conclusions
	Limitations
	Abbreviations

	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

